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DEVICE FOR LONGITUDINAL GUIDANCE OF A MOTOR VEHICLE BY INTERVENTION 

IN THE BRAKE SYSTEM 

Baekggeteael iftge^ffla^eaFIELD OF THE INVENTION 

The present invention relates to a device for longitudinal guidance 
of a motor vehicle, having a driver assistance system which outputs 
a brake request signal to a brake control device. 

BACKGROUND INFORMATION 

One example of such a device is an ACC (Adaptive Cruise Control) 
system which makes it possible to adjust the velocity of a vehicle 
to the velocity of a preceding vehicle, located with the help of 
a radar system, so that the preceding vehicle is followed at a 
suitable safety distance. To do so, the driver assistance system 
intervenes in the drive system and, if necessary, also intervenes 
in the brake system of the vehicle. The intervention in the brake 
system has j . i ■ n m y nm nl 1 ^ conventionally been accomplished by 
regulating the braking deceleration to a setpoint braking 
deceleration calculated by the driver assistance system. When this 
regulation takes place in the brake control unit, the setpoint 
braking deceleration forms the brake request signal which is output 
by the driver assistance system. 

ACC systems in use today are generally designed for travel at a 
high velocity, e.g., on a highway. However, there are efforts to 
expand the function range of such systems to low velocities and 
in particular to include a stop-and-go function in which the 
vehicle is automatically brakable to a standstill when the 
preceding vehicle stops, e.g., in a traffic jam. The problem 
occurring then is that inaccuracies during measuring of the actual 
braking deceleration have serious effects at low velocities, so 
that regulation becomes unstable. The non-steady transition to a 
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standstill (stopping jolt) is a particular problem here. In 
vehicles having an automatic transmission, the brake must also be 
operated at a standstill to prevent the vehicle from rolling. 
However, since the actual braking deceleration is equal to zero 
at a standstill, the brake request signal cannot be defined at a 
standstill via a setpoint braking deceleration. 

These problems are avoidable or at least alleviatable if the brake 
request signal output by the driver assistance system is not 
represented by a setpoint braking deceleration but instead 
directly by a brake pressure signal. However, since the 
deceleration of the vehicle achieved with a given brake pressure 
depends on the particular vehicle model and the condition of the 
brakes (temperature, moisture) , in this case the driver assistance 
system must be adjusted to the particular vehicle model and must 
also be able to process a plurality of parameters related to the 
condition of the brake system. 



SUMMARY 

AHvnntaaco An example embodiment of the Invent ionThc p resent 

an advantage that the driver assistance system may be used in 
different vehicle models without any specific adjustments and 
nevertheless a precise control or regulation of the braking 
performance is made possible in particular in the lower velocity 
range. This *s- may be achieved according to the present invention 
by the fact that the driver assistance system outputs a distance 
signal as the brake request signal, indicating within which path 
the vehicle should have reached a specified target velocity. For 
example, the content of the distance signal is-may. thus_be the 
requirement : "After a distance of x meters, the vehicle should have 
velocity y km/h" or in the case of a stopping procedure: "After 
a distance of x meters, the vehicle should be standing still." 
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Implementation of this requirement is then the responsibility of 
the brake control unit . 

This achieves the result that all regulation or control processes, 
which depend on the vehicle model, the condition of the vehicle 
and/or the condition of the vehicle brakes, are concentrated in 
the brake control system so that the driver assistance system may 
be used universally for various vehicle models without any 
particular adjustments. Since the brake control units, in 
particular when equipped with an ABS function, cooperate with a 
sensor system anyway, which detects relevant parameters such as 
wheel rotational speeds and wheel accelerations, and since the 
instantaneous conditions of use of the brakes are determinable on 
the basis of these sensor signals, in particular the roadway 
surface coefficient of friction and the relationship between the 
brake pressure and braking deceleration, the data needed for 
implementation of the brake request signal is directly available 
in the brake control unit . 

On the basis of the known actual velocity of the vehicle, the brake 
control unit is capable of calculating the braking deceleration 
required for the target velocity to be achieved within the distance 
specified by the distance signal, and the brake pressure may then 
be controlled or regulated in such a way that the specifications 
of the brake request signal are met. Depending on the situation, 
the braking deceleration may be either controlled or regulated in 
the brake control unit. At very low velocities and in particular 
when braking to a standstill, control of the braking deceleration 
is preferably provided on the basis of the relationship between 
the brake pressure and braking deceleration known for the specific 
vehicle model and the prevailing operating state. The brake 
pressure required to keep the vehicle at a standstill is determined 
by the vehicle-specific brake control unit. 
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in ■-, pvr.f nrro done example embodiment , at least two interfaces are 
provided for communication between the driver assistance system 
and the brake control unit; one interface is the distance interface 
via which the brake request signal is output in the form of a 
distance signal, while another brake request signal, e.g., a 
setpoint braking deceleration or a brake pressure may optionally 
be output via the other interface. Thus, for example, in a situation 
in which a target velocity which is to be reached after a certain 
distance is not appropriate, there may be a change from the distance 
interface to another interface, e.g., a deceleration interface in 
the driver assistance system. An example which may be considered 
is the situation in which the preceding vehicle starts moving again 
before the host vehicle has come to a standstill. In this case, 
a brake request signal is output via the deceleration interface 
in the form of a setpoint braking deceleration in such a way that 
according to a certain time function there is a gradual reduction 
in braking deceleration and thus a gentle and comfortable 
transition from braking to accelerating. 

It is expedient here if the brake control unit sends a message back 
to the driver assistance system regarding the actual deceleration. 
The time function for the setpoint braking deceleration may then 
be adjusted so that there is a jolt-free transition when there is 
a change in interface . 

A feedback acknowledgment of the actual values, not only when using 
the deceleration interface but also when using the distance 
interface is also expedient to prevent the system from overreacting 
in cases when it is impossible to achieve the braking deceleration 
actually required on a smooth road surface, for example. According 
to the base value method, the brake request signal output by the 
driver assistance system is modified so that it deviates from the 
actual reported value by no more than a certain tolerance A. For 
example, if the stopping distance originally calculated by the 
driver assistance system and output as the brake request signal 
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cannot be met on a smooth road surface, for example, then the 
setpoint stopping distance is lengthened so that it is only 
slightly greater than the stopping distance achievable under these 
road surface conditions. When there is subsequently a sudden change 

from a smooth section of road surrace to a iOad surrace g 

better traction, the setpoint /actual difference then amounts to 
A at most, and the braking deceleration is initially increased only 
moderately at first. The stopping distance is reduced again only 
when the driver assistance system is informed by the actual value 
reported back that a shorter stopping distance is now possible. 



Drawing 



BRIEF DESCRIPTION OF THE DRAWINGS 

An exemplary, embodiment of the present invention is illustrated 
in the d^awi mfigures and explained in greater detail in the 
fnl lowing dcocript io n below . 

Figure 1 shows a block diagram of a-an example device according 
to the present invention-^ 

Figure 2 shows an example of the curve of the brake pressure 
signal over time and ^ 

Figure 3 shows a distance-time diagram to illustrate the 
adjustment of a braking request signal to the actual braking 
capacity. 

Descripti o n "f i - hn E^emp-lary Embodiment 



Figure 1 shows a block diagram of a driver assistance system 10, 
e.g., an ACC system and a brake control unit 12 which communicate 
via a distance interface 14 and a deceleration interface 16. Driver 
assistance system 10 has an interface selector 18 which decides, 
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depending on the situation, which of the two interfaces is to 
used for the communication. 



Driver assistance system 10 is able to output a brake request signal 
to the brake control unit 12 over each of the two interfaces and 
thereby prompt the brake control unit to operate the vehicle brakes . 
In the case of distance interface 12, the brake request signal is 
a distance signal s_setpoint, which is converted in a conversion 
unit 2 0 in brake control unit 12 into brake pressure signals Pi 

(i = 1-4) for each of the four wheel brakes of the vehicle. Brake 
pressure signals Pi are forwarded to brake pressure regulator 21 

(Ri) , which are assigned to the four wheels of the vehicle and which 
produce the brake pressure buildup on the wheels. 

In addition, a wheel tachometer 22 is assigned to each wheel to 
measure wheel rpm oi of that particular wheel and send it to the 
brake control unit. In a converter 24, wheel rpm wi is converted 
on the basis of the known wheel diameter into a wheel velocity vi, 
which represents the circumferential velocity of the wheel and thus 
also the actual velocity of the vehicle in the case of non-slip 
rolling. In braking operations, however, the slippage may result 
in wheel velocity vi being smaller than the vehicle velocity. In 
a selection block 26, vehicle velocity v_actual is therefore formed 
by selection of the maximum of four wheel velocities vi . If 
necessary, a correction may also be performed here for the 
different wheel velocities when negotiating turns. Vehicle 
velocity v_actual is relayed to conversion unit 20. A 
differentiating element 28 calculates actual braking deceleration 
(negative acceleration) a_actual from vehicle velocity v_actual 
and also reports this to conversion unit 20. 

A slippage detector 30 compares wheel velocities vi with vehicle 
velocity v_actual and reports the slippage of each wheel to 
particular brake pressure regulator ri . A differentiating element 
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32 calculates particular angular accelerations acti of the wheels 
from measured wheel velocities coi and also sends this information 
to brake pressure regulator ri . Brake pressure regulators ri are 
capable of performing an antislip regulation on the basis of the 
slippage and angular acceleration signals so that the braking force 
is uniformly distributed between the right and left sides of the 
vehicle and furthermore is divided appropriately between the front 
and rear wheels, depending on the axle load. 

Converter 24 calculates associated wheel -brake decelerations ai, 
i.e., the time derivatives of the circumferential velocities of 
the wheels, from angular accelerations aai of the wheels. These 
wheel -brake decelerations ai are transmitted for each wheel to a 
monitoring block 34 which records a function Pi (ai) indicating the 
relationship between brake pressure and wheel -brake deceleration 
for the particular wheel and also the maximum brake pressure beyond 
which the wheel locks up. This function is made available to 
conversion unit 20. 

Together with distance signal s_setpoint / a target velocity vz is 
also relayed via distance interface 14. Distance signal s_setpoint 
specifies the distance of the vehicle within which target velocity 
vz is to be achieved. In a stopping operation, vz is equal to zero 
and s_setpoint is the stopping distance. An example of case vz = 
0 is to be considered below. For other values of vz, the operation 
of the device is similar. 

At a given vehicle velocity v_actual (initial velocity) , the 
stopping distance may be calculated by two- fold integration of the 
braking deceleration. Conversely, conversion unit 20 is able to 
use the stopping distance given by s_setpoint to calculate the 
braking deceleration which is necessary to maintain the stopping 
distance. First, a constant braking deceleration may be assumed 
as an idealized assumption. The resulting setpoint braking 
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deceleration may then be used in different ways in conversion unit 
20. First, by comparing the setpoint braking deceleration with 
prevailing braking deceleration a_actual , a brake pressure signal 
Pi may be generated, serving to regulate the braking deceleration 
to the setpoint. The prerequisite for this is that the actual 
braking deceleration may be determined with sufficient accuracy. 
This algorithm is therefore preferably used at higher vehicle 
velocities. Through this regulation, the vehicle deceleration 
caused by the braking torque of the engine is automatically taken 
into account . 

Second, on the basis of the calculated setpoint braking 
deceleration and on the basis of function Pi(ai) supplied by 
monitoring block 34, brake pressure Pi which yields the desired 
setpoint braking deceleration for the wheel in question may be 
sought. In this case, the brake pressure is controlled, not 
regulated. Wheel-specific function Pi(ai) also takes into account 
the condition of the brakes, e.g., the nature of the brake pads, 
the effect of temperature and moisture and the like. Since this 
control does not depend on the measured braking deceleration, this 
control may be executed even at lower vehicle velocities, down to 
a complete standstill. At a vehicle standstill, conversion unit 
20 sets brake pressure Pi at a value sufficient to keep the vehicle 
at a standstill. 

In conversion unit 20, instead of a constant braking deceleration, 
a braking deceleration which varies according to a certain time 
function may also be used as the basis, where the condition that 
the stopping distance obtained by integration of the braking 
deceleration is equal to s_setpoint is always to be maintained. 
Figure 2 shows an example of such a time function. The braking 
deceleration there is represented by associated brake pressure P. 
At point in time to, the brake request signal is output by driver 
assistance system 10 for the first time. The brake pressure and 
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braking deceleration are then ramped up gradually at a certain rate 
until point in time tl, then kept constant until point in time t2 
and next reduced gradually again with a certain ramp until the 
vehicle comes to a standstill at point in time t3 . The brake 
pressure is then set at a slightly higher constant value so that 
the vehicle is kept at a standstill. Due to the ramped-up change 
in brake pressure, a gentle onset and decay of braking and therefore 
a high driving comfort are achieved. The falling ramp in particular 
between points in time t2 and t3 ensures softening for the stopping 
jolt when the vehicle comes to a standstill. The location of points 
in time tl and t2 on the time axis is variable and is determined 
by a comfort parameter which is permanently programmed either in 
conversion unit 20 or is relayed by driver assistance system 10. 

The time function of the setpoint braking deceleration, 
represented by the curve in Figure 2, may also be used as the basis 
for regulating the brake pressure in a closed-loop control circuit . 
The transition from regulating to controlling then takes place at 
a suitable point in time when the velocity of the vehicle has 
decreased to the point that the actual braking deceleration is no 
longer measurable with sufficient accuracy. At these low 
velocities, the contribution of engine torque to the braking 
deceleration is generally negligible. At velocities below the 
rolling velocity at which the vehicle would roll if the brake were 
released, the engine torque has an accelerating effect, i.e., in 
the sense of decreasing the braking deceleration. This effect is 
taken into account in the example shown here by function Pi(ai) 
but may optionally also be compensated by computer. 

Conversion unit 2 0 is able to predict anticipated stopping distance 
s_actual by integration from measured vehicle velocity v_actual 
and measured actual braking deceleration a_actual after which the 
vehicle will actually come to a standstill . This predicted stopping 
distance is reported back to driver assistance system 10 over 

NYOl 1066788 v, 9 MARKED UP COPY OF THE 

SUBSTITUTE SPECIFICATION 



interface 14. Instead of or in addition to predicted stopping 
distance s_actual , a minimum stopping distance s_min may also be 
output, i.e., the stopping distance required as a minimum at the 
maximum achievable braking deceleration. The parameters for 
determining the maximum braking deceleration (coefficient of 
friction of the roadway surface, etc.) are available as estimates 
at least in brake pressure regulators 21, and therefore the maximum 
braking deceleration is determinable on the basis of functions 
Pi(ai), for example. 

Distance signal s_setpoint is formed in driver assistance system 
10 according to the base value method, so that it deviates from 
predicted stopping distance s_actual and/or minimum stopping 
distance s_min by no more than a certain tolerance value A. This 
is illustrated in Figure 3. At point in time r0, distance signal 
s_setpointO is output, and brake control unit 12 initiates the 
braking operation. The distance- time relationship corresponding 
to distance signal s_setpointO is represented by curve 3 6 in Figure 
3 m It ghallis now-*e assumed that the required vehicle deceleration 
cannot be achieved because of more unfavorable conditions, e.g., 
because of an icy road surface. Conversion unit 2 0 therefore 
calculates a larger minimum stopping distance s_rru.nl, which is 
represented by curve 38. Driver assistance system 10 then 
calculates a new distance signal s_setpointl, which is smaller than 
s mini only by amount A. The particular distance-time relationship 
is represented by curve 40. 

At point in time rl, the vehicle should reach a section of roadway 
where the roadway surface again has better traction, so that a 
higher braking deceleration is achievable. If original distance 
signal s_setpointO had been retained, full braking would have been 
initiated at this point in time and driving comfort would suffer 
greatly. This effect is avoided here by changing the distance 
signal into s_setpointl . Since the roadway now has better traction, 
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conversion unit 2 0 calculates a shorter minimum stopping distance 
s_min2 after point in time rl . Accordingly, the distance signal 
is now also reduced to distance s_setpoint2 which is shorter than 
s__min2 by amount A. The particular distance- time relationship is 
represented by curve 42 . The vehicle is now decelerated at a 
somewhat greater rate and follows the distance- time relationship 
represented by curve 44, shown in bold, and thus comes to a 
standstill after predicted stopping distance s_min2 . In this way, 
the circumstance that the traction of the road surface has 
increased again results in a shortening of the stopping distance 
from s_minl to s_min2 but not in an uncomfortably sharp 
deceleration. Tolerance value A may be varied by driver assistance 
system 10, depending on the situation. 

In Figure 3 for the sake of simplicity it has been disregarded that 
the actual braking deceleration established in response to the 
brake request signal may be measured only with a certain time lag. 
Therefore in practice, a certain period of time will elapse between 
output of distance signal s_setpointO and the return message of 
predicted minimum stopping distance s_minl . The distance traveled 
by the vehicle in this period of time may be taken into account 
by computer, however. 

The driver assistance system should of course provide great safety 
margins and the brake request signal should be output in such a 
timely manner that a certain lengthening of the stopping distance 
due to slick roads or the like is then acceptable and does not result 
in a crash. However, when the setpoint braking deceleration is 
calculated according to the time function shown in Figure 2, there 
is still a certain tolerance that may be utilized to shorten the 
stopping distance. In other words, if a softening of jerky stopping 
and thus the ramped-up reduction in brake pressure between t2 and 
t3 is dispensed with, and instead, the maximum possible braking 
deceleration is maintained until point in time t3, which is shown 



NY01 1066788 vl 



11 MARKED UP COPY OF THE 

SUBSTITUTE SPECIFICATION 



with a dotted-line curve in Figure 2, this yields a shorter stopping 
distance which may be reported back as s_min. Only when this 
tolerance has been exhausted is the setpoint stopping distance 
modified in the manner indicated in Figure 3. 

Driver assistance system 10 outputs a setpoint braking 
deceleration a_setpoint via deceleration interface 16. A 
regulating unit 48 uses wheel-brake decelerations ai calculated 
by converter 24 as feedback signals and adjusts brake pressures 
Pi via brake pressure regulator 21 so that the braking 
decelerations at the individual wheels are regulated to setpoint 
braking deceleration a_setpoint . This is of course possible only 
as long as the wheels are not blocking. If the antilock brake system 
is activated on a slick road surface, only a smaller braking 
deceleration a_actual may be achieved. This braking deceleration 
a_actual is reported back to the driver assistance system over 
deceleration interface 16 and, like the procedure illustrated in 
Figure 3 (base value method) , results in an adjustment of setpoint 
braking deceleration a_setpoint. 

If interface selector 18 orders a change from distance interface 
14 to deceleration interface 16, actual braking deceleration 
a_actual which is reported back is used to adjust initial setpoint 
braking deceleration a_setpoint at the prevailing actual value, 
so that a smooth transition is achieved. 

In a modified embodiment, deceleration interface 16 may be replaced 
by a brake pressure interface over which a setpoint brake pressure 
is output to braking control unit 12 by driver assistance system 
10. In braking control unit 12, this setpoint brake pressure is 
then modified using a vehicle- specif ic gain factor so that brake 
pressures PI to be set by brake pressure regulators 21 on the 
individual wheels are obtained. The actual brake pressures on the 
individual wheels are then converted back to an actual brake 
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pressure for the vehicle as a whole with the help of the gain factor, 
this brake pressure then being relayed back to driver assistance 
system 10 instead of actual braking deceleration a_actual . 

In the example shown here, conversion unit 20 is integrated 
logically and physically into brake control unit 12 but it may 
optionally also be designed as an independent function unit or 
integrated into another system component, e.g., a drive train 
manager. This system component would then be part of brake control 
unit 12 in the sense of the present invention, despite the fact 
that it is independent logically and/or physically, and would then 
have to be adapted to the particular vehicle model, whereas driver 
assistance system 10 is independent of the vehicle model. 

15 The functions of brake control unit 12 including conversion unit 
20 may be used not only by driver assistance system 10 but also 
by other vehicle systems, e.g., by a collision avoidance system 
or crash mitigation system which operates independently of the 
driver assistance system and, if necessary, also overrides the 
actions controlled by the driver via the gas pedal and the brake 
pedal to prevent a collision or alleviate the consequences of an 
accident . 
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Abotract A BSTRACT 



A ©device for longitudinal guidance of a motor vehicle, 
comprioing including a driver assistance syste m (10) which outputs 
a brake request signal to a brake control unit (12) , the . The driver 
assistance system (10) bcing is designed to output a brake request 
signal in the form of a distance signal (3_actpoint ) — which 
specifies the distance to be traveled by the vehicle within which 
the vehicle is to reach a predefinable target velocity — (vz) , — afid 
the . The brake control unit (12) having has a conversion unit (20) 
for converting the distance signal into a brake operation signal 

(Figure 1) 
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